One of the key issues for ocean color investigation using Ocean Color Imager (OCI) radiance is the correction for atmospheric effect. In particular, the water-leaving radiance is an order of magnitude less than that of observed radiance, so the accuracy of the concentration of phytoplankton pigments retrieval depends on the accuracy of the correction of atmospheric effect. According to the magnitude of atmospheric effect, it is divided into three categories: the zero order, Rayleigh scattering; the first order, Mie scattering; the second order, including the effect of multi-scattering, polarization, sea surface roughness, viewing angle and the temporal and spatial variation of pressure and total ozone concentration. The Rayleigh scattering effect on OCI channels is the focus of this paper. The optical thickness of Rayleigh scattering and the transmittance of the atmosphere were calculated using 5 coastal surface data from the Taiwan area. The results show that the optical thickness of Rayleigh scattering and the transmittance of the atmosphere are significantly changed for various locations and seasons. To ensure that the atmospheric model can be used in operation, a model for providing Rayleigh scattering optical thickness and transmittance has been established using three-year surface data.
the sun. Generally, the Rayleigh scattering radiance in winter is less than that in summer. In addition, the minimum value, the maximum value and the range of Rayleigh scattering radiance were discussed. In daily variation, the results indicate that among the maxima, the radiance at 8 A.M. is largest, and among the minima, the radiance at 10 A.M. is smallest, and that within the range the difference at 8 A.M. is largest, and at 10 A.M. is smallest. In seasonal variation, the results show that among the minima, January is largest and among the maxima, June is the smallest. The Rayleigh scattering radiance regularly increases from January to June and regularly decreases from June to December and the minimum range occurs in March and maximum range in June.
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INTRODUCTION
There have been two decades of ocean color investigation by satellite sensing. The Coastal Zone Color Scanner (CZCS) on board the Nimbus-7 satellite was the first sensor to observe ocean color from space. The CZCS is employed to measure the concentration of phytoplankton pigments in the ocean by measuring the radiance backscattered out of the ocean. In general, the ocean color without pigment will appear blue. This phenomena is due to Rayleigh scattering. On the other hand, the ocean color with pigment will become green. It is due to the absorption of light by pigment. Therefore, the concentration of pigments can be obtained by the change of the ocean color. The understanding of ocean color can be extended to further applications, such as biomass products, mesoscale eddy dynamics, and the variability of ocean current.
ADEOS/OCTS (Advanced Earth Observing Satellite/Ocean Color Temperature Scanner) launched on August 17, 1996 by Japan is another satellite to study ocean color. OCTS has 8 channels in visible and near-infrared and 4 channels in infrared. The principal functions of OCTS are to measure the ocean color and sea surface temperature, to investigate the cyclic circulation of carbon, to exploit the field of fishery, and to monitor the environment. Unfortunately, due to a problem in her solar panels, OCTS is out of commission in June, 1997. SeaWiFS (Sea-viewing Wide Field-of-view) launched on August 1, 1997 by the USA is a new generation operational ocean color satellite. The major functions of SeaWiFS are to estimate the concentration of chlorophyll, and finally to understand the role of ocean in the global climatic changes (Gregg et. al., 1993) .
ROCSAT-1 (the first satellite of Republic of China) is scheduled to be launched in 1999 with 35 degrees of orbital inclination, 600-km height and 96.7 minute period. There are three sensors on the platform: Ocean Color Imager (OCI), Ionospheric Plasma and Electrodynamics Instrument (IPEI), and Experimental Communication Payload (ECP). The OCI instrument has seven channels with central wavelengths at 0. 443, 0.490, 0.510, 0.555, 0.670, 0.865 and 0.555 µ m, labeled Bands 1, 2, 3, 4, 5, 6, and 7, respectively. The Bands 4 and 7 have the same wavelength. The swath of OCI is about 700 km, with 896 pixels per line. The spatial resolution is fixed at about 800 m. The spectral range and corresponding color of OCI sensors are listed in Table 1 . The main functions of OCI are the same as those of SeaWiFS.
Atmospheric correction is described in Section 2. Rayleigh scattering optical depth and radiance are calculated in Section 3. Analyses and discussions of the temporal and spatial variations of Rayleigh scattering optical depth and radiance are then given in Section 4. Section 5 is the conclusions.
ATMOSPHERIC CORRECTION
By ignoring direct sun glint and assuming that the sea surface is flat, an algorithm of atmospheric correction for CZCS data has been successfully developed (Gordon, 1976; Gordon, 1978; Gordon and Clark, 1980; Gordon and CastaÒo, 1987; . The total radiance (I t ) received by CZCS sensors can be expressed as follows
where I r , I a and I w represent Rayleigh scattering, aerosol scattering and water-leaving radiances, respectively, and t is diffuse transmittance. In the first stage of development of the algorithm for OCI data, the above algorithm was accepted in this paper. Because OCI sensors have higher radiometric sensitivity than that of CZCS, the variation of optical depth of Rayleigh scattering caused by the deviation of actual sea surface pressure was considered in this paper. It was found that the amount of pigment is dependent on water-leaving radiance. So, before investigating the amount of pigment, it is necessary to remove the atmospheric effect (including Rayleigh and aersol scattering) from the total radiance. Unfortunately, it is shown that water-leaving radiance is less than 20% of total radiance (Gordon and Wang, 1992) . Consequently, if we want to derive accurate water-leaving radiance, we should have accurate Rayleigh radiance and aerosol radiance calculations. In general, Rayleigh radiance can be Table 1 . The characteristics of OCI of ROCSAT-1. calculated accurately by a theoretical method, but aerosol radiance is determined by experience. According to the magnitude of influence on total radiance, the atmospheric effect was divided into three orders: (1) the zero order, including Rayleigh scattering, Mie scattering of heavy concentration of aerosol, (2) the first order, including Mie scattering; water-leaving radiance has the same magnitude as the first order of atmospheric effect, but the actural magnitude is dependent on the wavelength of incident light. (3) the second order, including the effects of multiple scattering, polarization, roughness of sea surface and view angle and the spatial and temporal variation of pressure and total amount of ozone.
It is evident that the primary influence on ocean color remote sensing is Rayleigh scattering and the secondary influence is Mie scattering. In this study, the calculation of Rayleigh scattering was focused on.
RAYLEIGH SCATTERING OPTICAL DEPTH AND RADIANCE
For single scattering approximation Rayleigh radiance, I r ( λ ), can be expressed as follows
where τ r ( λ ) is the Rayleigh scattering optical depth under different pressure, P ; F 0 ( λ ) is solar flux with atmospheric attenuation; P a is the probability of light scattered to sensor; θ is the zenith angle of satellite.
In (2) the parameters of F 0 ( λ ), P a , cosθ are known for a given geometry, and the only variable is τ r ( λ ). Hansen and Travis (1974) showed that under standard sea surface pressure, P o , Rayleigh scattering optical depth, τ or , can be expressed as follows
where λ is wavelength in µm unit . Table 1 is the listing of the Rayleigh scattering optical depth for OCI 6 channels under standard sea surface pressure. It was found that the shorter wavelength and the less small optical depth, and the magnitude of optical depth is approximately inversely proportional to the fourth power of wavelength. Considering the effect of the deviation of sea surface pressure on Rayleigh scattering optical depth, the responsible Rayleigh scattering optical depth should be adjusted as follows
where P is the actual sea surface pressure, which can be obtained by ground station observations and the following hydrostatic equation
where R (287 J/mole.K) is gas constant , γ (0.0065 K/m) is the actual temperature lapse rate , P sta ,T sta , and Z are the observed pressure, temperature and level height of ground station.
RESULT ANALYSIS

Temporal and Spatial Variations of Rayleigh Scattering Optical Depth
The purpose of the OCI science team is to establish an operational model for real time data processing. Therefore, it is very important to establish a fast and effective atmospheric model to perform the atmospheric correction. For operational purposes, the oceans around Taiwan are divided into 5 regions as shown in Figure 1 . For each region the Rayleigh scattering optical depth variations with time were analyzed. Region 1 ranges from 24.83°N to 26.35°N in latitude and from 119.98°E to 123.15°E in longitude. Pan-Chiao ground station, coded number 46692, was selected as the representative of region 1. The sea level pressure was calculated by (5) using ground pressure measurements and then Rayleigh scattering optical depth was obtained from (4). Figure 2 is the three-year (from 1993 through 1995) series of the Rayleigh scattering optical depth for OCI channel 1 at region 1. It is found that the Rayleigh scattering optical depth has a significant temporal variation during a one year period. The maximum value is in the winter and the minimum is in the summer. Actually, the situation is the same as in pressure variation by seasons. The heavy curve in Figure 2 is the curve fitting for Rayleigh scattering optical depth. It looks like a parabolic curve. Figure 3 is the same as Figure 2 , but for OCI channel 6. Comparing with Figure 2 , it was found that both have the same pattern, but the magnitude of Rayleigh scattering optical depth of OCI channel 1 is larger than that of channel 6. Figure 4 is the Rayleigh scattering optical depth fitting curves for OCI channel 1 at six different regions. It is shown that, except in region 4, the tendency of the Rayleigh scattering changing by season is quite significant. Generally the magnitude in order are region 1, region 5, region 3, region 2 and region 4; but, region 1, region 5 and region 3 have little difference in the summer.
Rayleigh Scattering Optical Depth Model
For the purpose of real time operation, it is necessary to establish a fast and effective model to provide Rayleigh scattering optical depth. Table 2 lists the regression coefficients of Rayleigh scattering optical depth for OCI six channels at region 1. If there is a ground observation of region 1, its Rayleigh scattering optical depth can be obtained by equations (4) Table 3 is the error analysis of Rayleigh scattering radiance for OCI 6 channels using the dependent data (1993) and independent data (1994 and 1995) as checking points. It is shown that in the Pan-Chiao, area the root mean square errors between the regression estimated values and actual values are quite small for each channel. Thus, the estimated values are reasonable and usable when measured data are absent. Figure 5 shows the simulated image of Rayleigh scattering radiance from 0809:48 LST, January 1, 1997 to 0811:31.8 LST for OCI channel 1. The range of the image is 114.63~117.92°E and 17.24~22.73° N. It shows that the distribution of Rayleigh scattering radiance is symmetric about the satellite track, that the range of radiance is from 3.524 to 4.766 mW/cm 2 -µm-sr, and that the smaller region is near the satellite track and increases with zenith angle. To investigate the Rayleigh scattering pattern with time, five images are simulated every two hours from 0810LST to 1610LST. It was found that before noon, the minimum regions are moving from the nadir to edge and after noon, the situation is the reverse. This change of pattern is caused by the relative position between satellite and the sun and solar zenith angle. The smaller the solar zenith angle is, the stronger the backscattering radiance is.
Seasonal Variation of Rayleigh Scattering Radiance
In addition, the seasonal variation of Rayleigh scattering radiance was investigated by twelve simulated images. The date and the time of first image are at 0810 LST of January 1 1997, and the date and time of the others are same as first image but in different months, from February to December. Comparing the twelve images, it was found that the Rayleigh scattering radiance is mainly changed with solar declination, that is, the Rayleigh scattering radiance is smaller in the winter and larger in the summer. Table 4 is the daily and seasonal variations of Rayleigh scattering radiance. It was shown that in daily variation the maximum is at 0810LST, and the minimum at 1010 LST and both the minimum and the maximum are decreasing with time after noon. It is also noted that the difference between minimum and maximum is at 0810 LST.
CONCLUSIONS
The key problem for ocean color investigation using Ocean Color Imager radiance is the correction of atmospheric effects. In particular, the water-leaving radiance is an order of magnitude less than that of observed radiance, so the accuracy of the concentration of phytoplank- , where D is the day of year. Table 3 . At Pan-Chiao area for OCI 6 chammels, the root mean square error between regression estimated Rayleigh scattering radiance and actual Rayleigh scattering radiance.
ton pigments retrieval depends on the accuracy of the correction of atmospheric effect. Rayleigh scattering-the zeroth order atmospheric correction is the focus of this paper. The results show that the Rayleigh scattering and transmittance change significantly for various locations and seasons. To make sure that the atmospheric model can be used in operation, a model for providing Rayleigh scattering optical thickness and transmittance has been established, using three-year ground weather surface data. In daily variation, the results show that before noon the minimum regions of Rayleigh scattering radiance spread from the center to the edge in the Rayleigh radiance image and after noon the minimum regions of Rayleigh scattering radiance come together from the edge to the center. The reason for these phenomena may be caused by different solar zenith angles. As to seasonal variation, when the variations of 12 images of Rayleigh scattering radiance are compared with one another, it is found that the Rayleigh scattering radiance was significantly changed following the movement of declination of sun. Generally, the Raleigh scattering radiance in winter is less than that in summer. In addition, the minimum value, the maximum value and the range of Rayleigh scattering radiance were discussed. In daily variation, the results show that among the maxima, the radiance at 8 A.M. is the largest, and among the minima, the radiance at 10 A.M. is the smallest, and that within the range the difference at 8 A.M. is the largest, and at 10 A.M. is the smallest. In seasonal variation, the results show that among the minima, January is largest and among the maxima, June is the smallest. The Rayleigh scattering radiance regularly increases from January to June and regularly decreases from June to December and the minimum range occurs in March and maximum range in June. Table 4 . At Pan-Chiao area for OCI channel 1, the daily and seasonal variation of Rayleigh scattering in mW/cm
